Abstract. The aim of the present study is to investigate the role of microRNA (miRNA/miR)-409-3p in the proliferation, invasion and migration of tongue squamous cell carcinoma (TSCC) cells via targeting radixin (RDX) gene. The expression of miR-409-3p was detected by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) in TSCC tissue and cell lines. The binding of miR-409-3p to RDX was investigated by performing a dual-luciferase reporter gene assay. Tca8113 cells were selected to transfect with miR-409-3p mimic/inhibitor, small interfering (si)-RDX, and miR-409-3p inhibitor + si-RDX, as well as negative control (NC) respectively. The proliferative, migratory and invasive abilities of transfected Tca8113 cells were investigated by cell-counting-kit-8, wound-healing and Transwell assays, respectively. Additionally, a tumor xenograft model was constructed to examine the effects of miR-409-3p on the tumor growth and lymphatic metastasis in nude mice. A significant downregulation was detected in miR-409-3p expression in TSCC tissues and cells (all P<0.05) compared with normal tongue mucosa tissues and cell line, which was associated with lymph node metastasis and tumor-node metastasis staging (both P<0.05). The results from the dual-luciferase reporter gene assay indicated that RDX is a potential target gene of miR-409-3p. Compared with the blank group, a marked reduction in RDX expression, cell proliferation, migration and invasion was detected in the miR-409-3p mimic group and si-RDX group (all P<0.05). Conversely, the reverse was observed in cells that were transfected with the miR-409-3p inhibitor. Furthermore, si-RDX is able to reverse the effect of miR-409-3p inhibitor on cell proliferation, invasion and migration (all P<0.05). The results form the tumor xenograft model of nude mice verified that miR-409-3p mimic is able to inhibit the growth of Tca8113 tumor cells and lymph node metastasis in nude mice. miR-409-3p may delay the proliferation of TSCC cells by inhibiting of RDX so as to decrease its migratory and invasive abilities. Therefore, miR-409-3p may be a potential target for the clinical treatment of TSCC.
Introduction
As the most common malignancy of head and neck, oral squamous cell carcinoma (OSCC) ranks the top six of malignant tumors worldwide with unsatisfactory prognosis (1) . Tongue squamous cell carcinoma (TSCC) is one of the leading subtypes of OSCC, which frequently results in the malfunction of mastication, speech and deglutition, with the characteristics of high degree of malignancy, high rate of tumor metastasis and high recurrence (2, 3) . Despite of surgery combined with chemoradiotherapy as the primary treatment for TSCC, postoperative recurrence and the rate of distant metastasis remain high and the total 5-year survival rate is only ~50~60%. This critically affects influencing the quality of life of patients (4) (5) (6) . With the broad development of tumor marker and molecular targeted therapy (7), a more detailed understanding of the mechanisms contributing to the carcinogenesis of TSCC would be of value to improve the therapeutic effect of TSCC at the molecular level.
microRNA (miRNA/miR), a type of highly conserved non-coding small molecules, serves an important role in numerous biological activities by regulating the expression of the target mRNAs at the post-transcriptional level, giving rise to mRNA degradation or translational suppression (8) (9) (10) . miRNA-409-3p, located on chromosome 14q32.31, has been demonstrated to regulate several cellular processes, including cell proliferation, apoptosis and metastasis (11) . Notably, miR-409-3p was credited as a promising tumor suppressor to inhibit cell proliferation, invasion and migration by suppressing the target gene c-Met in lung adenocarcinoma (12) and bladder cancer (13) . Similarly in gastric cancer, downregulation of miR-409-3p was apparent. The overexpression of miR-409-3p in vitro and in vivo may inhibit the target gene PHD finger protein 10 to restrict cell proliferation and accelerate apoptosis (14) . However, Josson et al (15) identified elevated miR-409-3p/-5p levels in prostate cancer, thereby indicating that it may facilitate tumorigenesis, epithelial-to-mesenchymal transition, as well as bone metastasis of prostate cancer. This suggests that miR-409-3p may serve important functions in different tumor progression, including TSCC.
Radixin (RDX) is a tumor-associated factor that belongs to the ezrin-radixin-moesin (ERM) family (16) , which is involved in the regulation of diverse cellular functions, including cell morphogenesis and polarization, as well as adhesion and migration (17, 18) . Previous studies reported a close association of RDX with invasion and migration of tumor cells. As reported by Tsai et al (19) , miR-196a/-196b may enhance the invasion and migration of gastric cancer cells by inhibiting the mRNA and protein expression of RDX. Additionally, with the assistance of target gene prediction website, it was demonstrated that RDX may be a potential target gene of miR-409-3p, but little evidence is available regarding the association between miR-409-3p and RDX in TSCC (20) . Therefore, the aim of the present study was to investigate the effects of miR-409-3p on RDX in the development of TSCC and potential underlying molecular mechanisms, thereby providing the potential strategy to improve the diagnosis, intervention and treatment of TSCC.
Materials and methods
Ethics statement. The present study conformed to the criteria issued by the Declaration of Helsinki (21) . All patients were informed, agreed to the experiment and signed informed consent forms, and the present study was granted permission from the Clinical Ethics Committee of Jingzhou Central Hospital (Hubei, China). All animal procedures were performed according to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (22) .
Study objects.
A total of 68 patients, (38 males and 30 females; mean age, 57.18±9.77 years) treated with surgery and diagnosed as primary TSCC at the Department of Oral and Maxillofacial Surgery at Jingzhou Central Hospital from December 2014 to December 2016, were collected as case group. Inclusion criteria were as follows; histological diagnosis of TSCC confirmed on hematoxylin and eosin-stained sections. Exclusion criteria were as follows; immunosuppressed patients, patients who had previously been diagnosed with cancer (of any type and location), or patients who had previously undergone radiation therapy. Among the 68 patients, 42 cases were poorly and moderately differentiated and 26 cases were well differentiated. Lymph node metastasis was absent in a total of 48 cases and present in 20 cases. Of these patients, 49 cases were aged ≥55 years, and 19 cases were aged <55 years. According to the tumor-node metastasis (TNM) staging of World Health Organization (23), 43 cases were in stage I-II and 25 cases were in stage III-IV. Based on tumor diameter, 44 cases were ≥2 cm and 24 cases were <2 cm.
Additionally, samples from an additional 25 cases were obtained from the Department of Oral and Maxillofacial Surgery, Jingzhou Central Hospital (Jingzhou, China) consisting of 13 males and 12 females (mean age, 56.45±8.69 years) taken from non-neoplastic surgery of the tongue and confirmed as normal tongue mucosa tissues by routine pathological examination were selected as the normal control group. There were no statistical differences in terms of gender and age between the two groups of patients (both P>0.05). All specimens were immediately stored in liquid nitrogen.
Selection of cells and culture.
The human oral keratinocytes (HOK) and human TSCC cell lines, including Tca8113, SCC9, SCC25, and Ca127, were purchased from the Type Culture Collection of the Chinese Academy of Sciences. Dulbecco's modified Eagle medium (DMEM, Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS) (Invitrogen; Thermo Fisher Scientific, Inc.) and 1% penicillin-streptomycin (Gibco; Thermo Fisher Scientific, Inc.) were used for culture with 5% CO 2 at 37˚C under a humidified atmosphere. The culture medium was replaced every 2 days or following the thawing of cells. When the cells were at a confluence of ~80~90% cell passaging was carried out. The cells in logarithmic phase were seeded in 6-well plate at a density of 5x10 3 .
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNA was extracted from tissues and cells using Trizol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The optical density (OD) of RNA at 260 and 280 nm was determined by ultraviolet spectrophotometer, and RNA concentration was calculated. The RNA samples were stored at -80˚C. On the basis of gene sequences published in Genbank, primers (Table I) were designed using Primer software (version 5.0; Applied Biosystems; Thermo Fisher Scientific, Inc.) and synthesized by Shanghai Biological Engineering Co., Ltd. (Shanghai, China) Total RNA reverse transcription PCR was performed according to the manufacturer's protocol (Takara Biotechnology Ltd., Dalian, China). PCR conditions consisted of pre-denaturation at 95˚C for 15 min and 40 cycles of denaturation at 94˚C for 15 sec and annealing/extension at 60˚C for 30 sec. U6 was used as the internal reference control for miR-409-3p, and β-actin was employed as the internal reference control for RDX, 2 -ΔΔCq (24) was used to calculate the relative expression of the target gene (25) . Each experiment was repeated three times.
Dual-luciferase reporter gene assay. TargetScan (www. targetscan.org) was used to predict the binding site of miR-409-3p and RDX 3'untranslated region (UTR). Then, wild-type (WT) RDX 3'UTR plasmid (named as RDX 3'UTR-WT) and mutated (MUT) RDX 3'UTR (named as RDX 3'UTR-MUT) were constructed. The target sequences were as follows; WT-RDX, 3'UTR is 5'-UUA AGG GAG CUC UUC AAC AUU A-3' and MUT RDX, 5'-UUA AGG GAG CUC UUG TCG GAA A-3'. For the transfection experiments, the following were transfected separately into the Tca8113 cells: miR-409-3p mimics + RDX-WT, miR-409-3p mimics + RDX-MUT, miR-409-3p NC + RDX-WT and miR-409-3p NC + RDX-MUT. Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used for transfection. The luciferase activity was detected by dual-luciferase reporter gene assay kit (Promega Corporation, Madison, WI, USA) following the manufacturer's protocol. The results were expressed as relative luciferase activity (firefly luciferase/Renilla luciferase). Each experiment was repeated three times.
Cell grouping and transfection. Tca8113 cells at the logarithmic phase were divided into six groups, including blank (without any transfection), negative control (NC; 5'-ACTACTGAGTGACAGTAGA-3') (transfected with NC sequence), miR-409-3p mimic (transfected with miR-409-3p mimic sequence), miR-409-3p inhibitor (transfected with miR-409-3p inhibitor sequence), small-interfering (si)-RDX group (transfected with si-RDX) and miR-409-3p inhibitor + si-RDX group (transfected with miR-409-3p inhibitor and si-RDX) groups. miR-409-3p mimic/inhibitor was purchased from Applied Biosystems (Thermo Fisher Scientific, Inc.), while si-RDX was obtained from Guangzhou RiboBio Co., Ltd (Guangzhou, China). Cell transfection in each group was performed using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Each experiment was repeated three times.
Western blotting. Total protein was extracted from each group, and protein concentration was determined using bicinchoninic acid assay kit (Beyotime Institute of Biotechnology, Haimen, China). With the addition of loading buffer, the extracted protein was heated at 95˚C for 10 min and 30 µg protein was loaded on 10% polyacrylamide gel. Following the transfer of the proteins to a polyvinylidene (PVDF) membrane, the PVDF membrane was blocked with 5% bovine serum albumin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 1 h at room temperature, and then was incubated with primary antibody against RDX (1:500; cat. no. ab52495; Epitomics; Abcam, Cambridge, UK) and β-actin (1:1,000; cat. no. A1978; Sigma-Aldrich; Merck KGaA) at 4˚C overnight. Subsequently, PVDF membrane was washed by Tris-buffered saline with Tween-20 three times at room temperature (5 min per wash), followed by 1-h incubation with the corresponding horseradish peroxidase (HRP)-conjugated secondary antibody (1:1,000; cat. no. ab131368; Epitomics; Abcam, Cambridge, UK) at room temperature. Following an additional washing step, PVDF membrane was developed using chemiluminescence reagent (GE Healthcare, Chicago, IL, USA) and analyzed by Bio-Rad Gel Doc EZ imager (Bio-Rad Laboratories, Inc., Hercules, CA, USA) with β-actin as an internal reference. Each band was analyzed using the Image Pro Plus 6.0 (Olympus, Tokyo, Japan). Each experiment was repeated three times.
CCK-8 assay.
The cells at the logarithmic phase were collected from each group, made into cell suspension and added into a 96-well plate at 100 µl/well. Each group was provided with 3 parallel control wells. The cells were cultured at 37˚C with 5% CO 2 for 24, 48 and 72 h respectively. An additional 1-h incubation in each well was performed with the addition of 10 µl Cell Counting Kit-8 (CCK-8) (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). The microplate reader (Thermo Fisher Scientific, Inc.) was used to determine the OD at 450 nm. Every experiment was repeated three times using the mean OD value.
Scratch wound-healing assay. Tca8113 cells were seeded in a 6-well plate at a density of 5x10 4 . After reaching from 70-80% confluence, a cell scraper (width, 2 mm) was used to the scratch cells. The cells were observed at 0 and 48 h and imaged using an IX71 inverted microscope (Olympus), and Image-Pro Plus 6.0 software was used to measure the distance between the scratches. The cell migration distance was calculated using the following equation: Cell migration distance (mm)=(scratch distance at 0 h)-(scratch distance at 48 h). Each experiment was repeated three times.
Transwell invasion assay. Matrigel basement membrane matrix (BD Biosciences, Franklin Lakes, NJ or San Jose, CA, USA) was thawed at 4˚C. Briefly, 5x10
4 cells in serum-free media were placed into the upper chamber. Subsequently, Matrigel was diluted as 1:3 with serum-free DMEM medium, and added to the upper Transwell chamber (EMD Millipore, Billerica, MA, USA) and dried at room temperature. Following digestion with trypsin, the cells in each group were made into single cell suspensions using serum-free DMEM and starved for 24 h. Subsequently, cell suspension was added in the upper chamber with 200 and 500 µl DMEM medium (containing 10% FBS) were added to the 24-well plate. Subsequently, the chamber was put into each well and cultured for 48 h at 37˚C. Subsequently, the chamber was taken out and washed using phosphate-buffered saline. The culture solution in the upper chamber was emptied. The residual Matrigel and cells on the micro-porous film of the chamber were wiped. The cells were fixed with 95% ethyl alcohol for 15 min and stained with 0.1% crystal violet at 37˚C for 30 min and observed under an inverted microscope to record the mean number of cells passing through the basement membrane. Each experiment was repeated three times.
Tumor xenograft model of nude mice. The experimental animals used were 24 female BALB/C mice (4-6 weeks; mean body weight, 18±2 g), which were bought from the Institute of Laboratory Animal Sciences, Chinese Academy of Medical Sciences and Peking Union Medical College. The mice were fed at the Experimental Animal Center of Jingzhou Central Hospital and bred under specified Subsequently, the cell concentration was adjusted to 5x10 6 /ml, and this was subcutaneously injected into the nude mice in each group at the right lingual margin with 0.05 ml/mouse. At the end of the fourth week, the mice were sacrificed by cervical dislocation, and tumor volume was calculated using the formula: Volume=(length/width 2 )/2. Subsequently, the tumor tissue was separated, transplanted and weighted. Each axillary lymph node was fixed in 4% formaldehyde at 4˚C for 12 h, embedded in paraffin and cut in 4 µm sections, examined and judged by two pathologists to determine whether lymph node metastasis was present. H&E staining and pathological examination were performed. Sections were stained for 3 min in 1:1 hematoxylin, and for 1 min in 0.5% eosin at room temperature. For immunohistochemistry, endogenous peroxidase was blocked by 3% H 2 O 2 for 5 min at 37˚C. The slide was blocked in 5% goat antiserum for 10 min at 37˚C and incubated with lymphatic vessel endothelial hyaluronic acid receptor 1 (LYVE1; monoclonal anti-LYVE1 antibody; cat. no. sc-65647; Santa Cruz Biotechnology Inc., Dallas, TX, USA) at a dilution of 1:100 at 4˚C overnight. The sections were then incubated with biotinylated secondary antibody (1:2,000) in a two-step detection reagent PV-6004 (OriGene Technologies, Inc., Beijing, China). Lymphatic microvessel density (LMVD) was determined as previously described by Weidner et al (26) .
Statistical analysis. All data was analyzed using SPSS software (version 21.0; IBM Corp., Armonk, NY, USA) and expressed as the mean ± standard deviation. The comparison of normally distributed data between two groups were analyzed using unpaired t-tests, and the comparison among multiple groups was analyzed one-way analysis of variance followed by Tukey post hoc tests for multiple comparisons. The data are expressed as percentages and ratios. Discrete data were analyzed using a chi-square test. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-409-3p in TSCC tissues and cell lines.
RT-qPCR was carried out to detect miR-409-3p expression in TSCC tissues and cell lines. As demonstrated in Fig. 1 , significant downregulation of miR-409-3p expression was demonstrated in tissues from patients with TSCC when compared with normal tongue mucosa tissues (P<0.05). Furthermore compared with the HOK cells, the expression of miR-409-3p was significantly decreased in TSCC cell lines (Tca8113, SCC9, SCC25 and Ca127; all P<0.05), and the most significant decrease in miR-409-3p expression was observed in Tca8113 cells (P<0.01), and therefore the subsequent vitro experiments were performed using Tca8113 cells.
Association between miR-409-3p expression and clinicopathological features of patients with TSCC.
A significant association between miR-409-3p expression and lymph node metastasis and TNM stage was presented in Table II (all P<0.05). miR-409-3p expression was lower in patients with TSCC and lymph node metastasis and advanced TNM stages compared with those with no lymph node metastasis and with low TNM stages (Table II) . However, no statistically significant difference was observed between miR-409-3p expression with age, sex, tumor diameter and differentiation of patients with TSCC (all P>0.05; Table II) .
RDX is the target gene of miR-409-3p
. Targetscan (www. targetscan.org/) was used to predict the target gene of miR-409-3p, and the miR-409-3p binding site within the 3'-UTR of RDX was identified ( Fig. 2A) . Furthermore, results from the dual-luciferase reporter gene assay revealed that following co-transfection with miR-409-3p mimic and RDX 3'UTR-WT, a decrease in the relative luciferase activity was present compared with the luciferase activity in cells that were co-transfected with miR-409-3p NC and RDX 3'UTR-WT (P<0.05). The luciferase activity in cells co-transfected with RDX 3'UTR-MUT + miR-409-3p NC and RDX 3'UTR-MUT + miR-409-3p mimic was not significantly different (P>0.05, Fig. 2A ), suggesting that RDX may be a target gene of miR-409-3p.
Expression of miR-409-3p and RDX in various transfection
groups. RT-qPCR and western blotting were conducted to determine the expression of miR-409-3p and RDX. In comparison with the blank group, no significant differences in miR-409-3p expression were exhibited in NC and si-RDX groups (both P>0.05; Fig. 2B ). By contrast, an increase was demonstrated in miR-409-3p mimic group compared with the blank group. Furthermore, a marked decrease was detected in the miR-409-3p inhibitor and miR-409-3p inhibitor + si-RDX groups compared with the blank group (all P<0.05; Fig. 2B ). As presented in Fig. 2C and D, the protein expression of RDX was significantly decreased in the miR-409-3p mimic and si-RDX groups compared with the blank group (both P<0.05; Fig. 2B ). By contrast, an increase in RDX expression was detected in the miR-409-3p inhibitor group, compared with the blank group (P<0.05). When compared with the miR-409-3p inhibitor group, RDX protein expression was reduced in the miR-409-3p inhibitor + si-RDX group (P<0.05; Fig. 2B ).
Proliferation of Tca8113 cells in each transfection group.
Cell proliferation in each transfected group was detected using CCK-8 assay. No significant difference in cell proliferation was detected between the blank and NC groups (P>0.05; Fig. 3 ). However, compared with the blank group, cell proliferation was decreased in the miR-409-3p mimic and si-RDX groups respectively, and was increased in the miR-409-3p inhibitor group (all P<0.05; Fig. 3) . Compared with the miR-409-3p inhibitor group, cell proliferation was decreased in the miR-409-3p inhibitor + si-RDX group (P<0.05; Fig. 3 ).
Migratory and invasive abilities of Tca8113 cells in each transfection group.
Compared with the blank group, the migratory and invasive abilities of the cells in the NC group were not significant (both P>0.05; Fig. 4 ). There was a reduction in the miR-409-3p mimic and si-RDX groups and an increase in the miR-409-3p inhibitor group with respect to the migration and invasion abilities compared with the blank group (all P<0.05). Furthermore, a significant decrease in migratory and invasive abilities was detected in the miR-409-3p inhibitor + si-RDX group compared with the miR-409-3p inhibitor group (P<0.05, Fig. 4A and B) .
Effects of miR-409-3p on tumor growth and lymphatic metastasis in nude mice. In order to further investigate the role of miR-409-3p in vivo, a tumor xenograft model in nude mice with Tca8113 cells was generated. The tumor formation rates of the nude mice in three groups were 100%. Following tumor inoculation, the tongue tumor presented outward growth with a marked increase in the number of blood vessels (Fig. 5Aa) , and neck dissection demonstrated that the nude mice exhibited enlarged lymph nodes of the neck (Fig. 5Ab) . Subsequently, the tumor volume and weight were measured at the end of the experiment. Compared with the blank group, tumor volume and weight were significantly reduced in the miR-409-3p mimic group (both P<0.05; Fig. 5B and C ). There were no significances between the blank group and the NC group in terms of tumor volume and weight (both P>0.05; Fig. 5B and C) .
Lymphatic metastasis in miR-409-3p mimic group was 0%, which was lower compared with the blank (6/8, 75%) and NC groups (7/8, 87.5%), data not shown. In addition, LMVD in each group was as follows: 8.36±1.12 for blank group, 8.92±1.26 for NC group, and 3.01±0.58 for the miR-409-3p mimic group (Fig. 5D) . The LMVD in the miR-409-3p mimic group was significantly decreased compared with the blank group and the NC group (both P<0.05; Fig. 5D ), suggesting that miR-409-3p mimic exerts inhibitory effects on lymphangiogenesis. H&E staining of tumor tissues is presented in Fig. 5E . The tumor cells appeared round or arranged in nest or sheet. In Fig. 5F , H&E staining results of a lymph node illustrated that tumor nest were present in lymph nodes, and the cell nuclei were darkly stained in unequal size. In Fig. 5G , the immunohistochemical staining indicated a strong brown positive staining of LYVE-1 in cytoplasm or cytomembrane.
Discussion
Recently, miR-409-3p was reported to be downregulated in various types of tumors. For instance, Cao et al (27) and Tang et al (28) reported that miR-409-3p may act as a promising prognostic indicator that is pronouncedly decreased in breast cancer and osteosarcoma respectively. miR-409-3p was also significantly associated with advanced TNM stage and metastasis, representing a poor prognosis. Consistently, in the present study, a significantly reduced expression of miR-409-3p was detected in TSCC tissues and cell lines compared with normal controls. miR-409-3p expression was lower in TSCC patients with lymph node metastasis and higher TNM stage compared with those without lymph node metastasis and lower TNM stage, suggesting miR-409-3p may act as a tumor suppressor in the progression of TSCC. Notably, Zhang et al (29) reported an association between miR-409-3p and the suppression of breast cancer growth in vitro and in vivo partially via targeting Akt1. Additionally, E74 like ETS transcription factor 2 (ELF2) was demonstrated to be a novel direct target of miR-409-3p in osteosarcoma cells, where the overexpression of ELF2 was able to rescue the suppressive function of miR-409-3p in cell proliferation and tumor growth (30) . Consistent with the aforementioned findings, RDX was identified as a target gene of miR-409-3p via dual-luciferase reporter gene assay in the present study. RDX is a type of cytoskeletal protein, which belongs to the ERM family (31) . Notably, previous studies support that RDX serves an important role in the proliferation, migration, infiltration of tumor cells and the destruction of vascular endothelial barrier function (32, 33) , indicating that miR-409-3p might exert a tumor suppressor function during the development of TSCC via targeting RDX.
In the present study an in vitro experiment was performed using Tca8113 cells, and a decrease in RDX expression, cell proliferation, the number of invaded cells and migration distance following the transfection of miR-409-3p mimic or RDX siRNA were observed, suggesting that overexpression of miR-409-3p and silencing of RDX are able to decrease the migratory and invasive abilities of TSCC cells to inhibit the growth of tumor cells.
Furthermore, it was also demonstrated that si-RDX is able to reverse the effect of miR-409-3p inhibitor in TSCC. Notably, a similar expression pattern of miR-409-3p and RDX was reported in gastric cancer, where miR-409-3p was able to suppress RDX expression via directly binding to its 3'-UTR region, thereby decreasing cell invasion and metastasis (20) . Furthermore, the silencing of RDX in gastric cancer may inhibit the migration and invasion of SGC-7901 cells by upregulating E-cadherin expression, as indicated by Zhu et al (34) , and the nuclear factor (NF)-κB/snail signaling pathway may also be involved. In addition, it was documented in a previous study that RDX is able to activate the Rac1-extracellular signal regulated kinase signaling pathway, and increase the secretion of matrix metallopeptidase (MMP)-7, thereby decreasing the invasion and migration of colon cancer cells (35) . Therefore, miR-409-3p is able to regulate the transduction of associated downstream signaling pathways via downregulating the expression of RDX and suppress the proliferative, invasive and migratory abilities of TSCC.
Due to the close association of the migratory and invasive abilities of tumor cells with their metastatic features (36) , a tumor xenograft model of TSCC in nude mice was established with Tca8113 cells to investigate the role of miR-409-3p on tumor growth and lymphatic metastasis. It was demonstrated that a significant decrease in tumor volume, weight, lymphatic metastasis rate and LMVD was observed in the SCC nude mice that were transfected with miR-409-3p mimics compared with the blank group. The increase in LMVD was closely associated with lymphatic metastasis (37) .
Current literature suggests that an increased LMVD indicates an increased risk for malignancies and a relatively poor prognosis (38) . The present findings indicated that the overexpression of miR-409-3p exerted inhibitory effects on tumor growth and metastasis, which further confirms results of the in vitro experiments. In addition, it was previously reported that the overexpression of miR-409-3p in HT1080 cells was able to downregulate the expression of the target gene angiogenin so as to inhibit the growth of the transplantation tumor, angiogenesis and metastasis in nude mice (39) . In pancreatic cancer cell line PANC-1, the inhibition of RDX via small hairpin (sh)RNA was able to inhibit the proliferation and migration of cancer cells, and the tumor microvessel density was decreased so as to significantly inhibit the tumor growth following the implantation of RDX shRNA-transfected cells in nude mice (40) . These findings suggest that the overexpression of miR-409-3p in nude mice may downregulate the expression of RDX and inhibit the metastasis of tumor cell.
In conclusion, the present findings indicated that miR-409-3p expression was decreased in TSCC tissues and cells compa red with nor mal tongue mucosa tissues. miR-409-3p exerts a tumor inhibitory function, which delays cell proliferation by targeting RDX. This leads to the inhibition of migratory and invasive abilities of TSCC cells, providing a potential strategy for the treatment of TSCC.
